ABSTRACT This paper presents a case study of end users and designers and how they perceive different mobile shopping app user interfaces (UIs). This paper aims to explore the UI preference differences between users and designers and elucidate specified UI attributes that are reflective of user preferences. This paper contains three procedures: 1) eliciting users' and designers' UI perceptual similarity by sorting to identify UI perceptual similarity space; 2) eliciting users' and designers' overall preferences by rating, which displays the preference dimensions; and 3) eliciting users' and designers' idiosyncratic perceptions by using the repertory grid technique (RGT), which indicates the UI perceptual differences between the users and the designers. The specified inter-group perceptual differences were detected by comparing RGT-elicited perceptions. The UI design features were explored, which influenced the designers' and users' subjective evaluations. The results showed four typical mobile shopping app UIs, and the distribution of ideal preference UIs for users and designers was evaluated. Through the experiments, rich qualitative insights were quantified, and valuable information from the participants was obtained. The specified design attributes of UI on the mobile shopping app, which improved user satisfaction, were found out. Moreover, those attributes will help designers know which important attributes should be noted. Mobile shopping, UI design, users' and designers' perceptions. 
I. INTRODUCTION
Mobile commerce has become one of the most noticeable social changes in the past decade [1] . It includes a variety of online services accessible across mobile websites and applications through mobile devices [2] , providing users and retailers with more opportunities, faster access and greater accessibility [3] . With the growing maturity of mobile technology, mobile shopping is becoming the mainstream choice of global mobile commerce with its convenience and low effort expectancy. Mobile shopping refers to browsing, searching, comparing and purchasing products or services online through handheld mobile devices [4] . Mobile shopping on the smartphone platform is becoming more and more popular in many countries. Among them, China, as a major
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emerging market, has the largest share of mobile users in the world, and 76% of mobile users shop through smart phones. In the United States, 80% of users use mobile devices to access the internet, of which 63.3% are mobile retail users [5] . In South Korea, 51.2% of users shop through smart phones [6] . In order to take advantage of the growing popularity of mobile shopping among users, retailers are making huge investments in this industry [7] .
Effective design of User interface (UI) for mobile handheld devices facilitates users to adopt mobile commerce [8] , and it is of great importance to leave users a good impression of mobile shopping apps [9] . A bad UI may directly lead to users' frustrations and never use the app anymore [10] . When choosing how to attract the user's attention, designers face a variety of choices, and they generally make decisions based on anecdotes and intuition. Some design elements are widely used perhaps because they are believed effective to capture user attention, but they end up annoying and repelling users. Sometimes designers cannot predict users' preferences accurately, leading to divergence between the needs of end users and the goals of designers, as mentioned in [11] . To solve the problem, this research aims to identify the differences, if any, between end users' and designers' perceptions of mobile shopping app UIs.
To measure whether there are different perceptions for mobile shopping app UIs between designers and users, this paper uses the sorting task, preference test and Repertory Grid Technique (RGT) to understand users' demands and designers' expectations. In this way, rich qualitative insights are quantified, valuable information from the participants are obtained. The experimental results indicate that users' and designers' differences in UI perceptions and design attributes of UI on mobile shopping apps can improve user satisfaction. Those attributes will help designers know which important attributes should be noted.
The remainder of this paper is structured as follows. In Section II, we provide a literature review of mobile shopping UI design and comparison of users' and designers' perceptions, and discuss the methods of exploring users' perceptions. In Section III, using the sorting task, we explore the distribution trend of UI visual features that affect users' and designers' perceptions and determine the type of UIs. Using the preference test, we explore the overall preferences dimension of users and designers to sample UIs. Using the RGT method, the idiosyncratic perceptions of users and designers are guided, and the differences between specific groups are explored, as well as the relationship between UI design features and subjective evaluations of users and designers. Section IV discusses the research methods and main findings of the paper. Section V presents the research conclusions and discusses the research limitations and further work.
II. LITERATURE REVIEW A. RESEARCH ON MOBILE SHOPPING UI DESIGN
In recent years, the wide use of the internet and mobile phone has led to an unprecedented growth of mobile commerce to satisfy user needs in various fields [12] . Mobile apps have been widely used for marketing purposes over the past few years, while there is scarce academic research in this area [13] .
UI is defined as a set of commands or menus through which a user communicates with a program. The UI is one of main challenges for designing mobile apps because it determines how easily the user can make the program do what he/she wants [10] . UI design quality is a research area that examines how information is displayed [14] . It is an important influence factor of users' overall attitude towards mobile shopping. Some users look up a certain app for a particular buying purpose, while many others surf around without any specific aim. For the latter user group, there is much competition for user attention, which may easily drive users away to other apps if this app is unsatisfactory [10] . Previous researches show that the reasons for moving away from the apps are the technical problems (e.g. slowly loading), content-related (e.g. whether the contents from the app meet their expectation), or form-related (e.g. the interface makes a bad impression on users) [15] . The contents have a great impact on users' purchase decision while the UI designs help attract and retain the users' interests [16] . For mobile shopping apps, the UI is often the first touch point. Therefore, it is important to present a good UI, as users will form their impressions based on this initial information [14] , [17] . Effective UI design for mobile handheld devices facilitates user installation of mobile shopping apps [14] . UI design is a core issue for user experience of mobile apps [18] . Although mobile devices are becoming an indispensable part of daily lives, there is no true standard for improving the user experience of mobile UI design. Most of the mobile UI designs are based on the desktop paradigm, but the desktop designs do not fully fit the mobile context [19] . The early researches show that users' experiences with mobile products go beyond the efficiency and effectiveness of product use. Therefore, the HumanComputer Interaction (HCI) field starts to seek for new concepts and methods to capture a more comprehensive user experience [20] . This paper mainly focuses on the evaluation of user experience which users get from mobile shopping app UIs. This study introduces personal attribute judgments as a means to account for the richness and diversity of user experience with mobile shopping UIs. Relationship between design attributes (objective evaluation) and users' perceptions (subjective evaluation) of mobile shopping app UIs is analyzed furthermore.
B. DESIGNERS' AND USERS' CONCEPTS OF PRODUCT
Understanding of users' conceptual models is the most fundamental factor in designing usable UIs for mobile shopping apps [21] . Previous researches show that designers always cannot accurately predict users' desires and preferences [22] , and their mental models about a product differ from the users' [23] . The phenomenon is explained by Krippendorff [21] that designers employ professional sensemaking instead of ordinary sense-making which users use.
Several previous studies confirm the cognitive and conceptual differences between users and designers. For instance, Park [24] indicates that the cognitive gap between users and designers is gradually widened during the design process. Chamorro-Koc [25] compares designers' and users' concept of daily products by drawing, retrospective protocol analysis and interview. Park et al. [26] show that users do not always experience the same impressions which web designers intend to covey through their pages. Fu et al. [27] indicate the gap between designers' and users' perceptions of the smart household lighting system UIs during the conceptual design process.
These discoveries are not directly relevant to the topics of mobile shopping apps, which could only be referred as general guidelines. Few studies have been conducted on users' and designers' perceptual differences in mobile shopping app UI. This research makes a more comprehensive comparison of the exciting mobile shopping app UIs by similarity and preference analysis, and explores the perception difference between users and designers on typical shopping app UIs as well as specific design attributes that influence their perceptions.
C. EXPLORATORY METHODS TO PROBE USERS' PERCEPTIONS
User-centered principles require understanding and considering users' needs in the designing process [28] . However, such user-centered methods are rarely used by designers in the real world, because of competition pressure, short-term focus and critical resources [29] .
Selective user involvement which treats users mainly as information sources is adopted to efficiently incorporate users' insights in practical UI designs. The techniques and tools used to detect users' insights need to be easily implemented under a tight design and development schedule. Because of the conceptual differences between designers and users of a product, the methods should highlight the conceptual differences, which assists designers to better understand their prospective users.
Many methods and techniques have been developed to gain insights into users' needs and preferences [30] - [32] . Comparing with other methods, the sorting task [33] , the preference test [15] and the RGT method [34] could be appropriate options, which capture users' insights in a relatively simpler way.
The sorting task is an efficient and economical method to obtain information about perceptual differences among products [33] . In particular, it is very useful for preliminary exploration of the spatial perception structure of products [35] . The sorting task is a simple method that can be used to collect similarity data, and its advantage is less tedious and time consuming. The method is very simple for the subjects and does not require extensive training or replication, and it is suitable for untrained subjects and a large number of samples [35] .
Although sorting imposes little demand on participants' attention, the results often can be compared with more demanding methods [33] . In this study, participants were asked to sort UIs based on their perceived similarity. Then DISTATIS method [33] , [35] was used to analyze the sorting data to identify the UI perceptual similarity space. DISTATIS is evolved from the multidimensional scaling (MDS) method [36] . DISTATIS is a sorting data analysis method considering individual sorting data, which is often used to analyze experimental results of classification of sample products by multiple subjects. When calculating the distance between samples, the DISTATIS method takes into account the individual differences of each subject. If there are differences, the subjects will be classified to calculate the distance of the samples in the perceptual space. If there are no differences, the similar distance of the samples in the perceptual space will be calculated according to the data of all subjects [33] . In this study, there is no obvious individual difference between users and designers in their perceptions of the similarity of the sample UIs, so the similarity distance of the sample UIs in the perceptual space are calculated according to all tested data.
RGT was initially developed and applied in clinical psychology. It was adopted to explore users' insights, especially the idiosyncratic perceptions and product attributes evaluation [32] , [34] . In the HCI field, RGT method was used to explore the ways in which users perceive and differentiate between products. It has been applied to both physical products [37] and software products [38] . It has also been used to compare two or more groups of conceptual differences [37] . The RGT method is different from other predefined methods. It allows subjects to express their opinions in their own words. Through systematic testing, researchers can explore the user's response in depth, thus obtain rich information on specific aspects of sample product design. The intensive nature of RGT means that a relatively small sample size (about 15 to 25 subjects) is usually sufficient to guide a comprehensive structure list for research purposes [38] . In addition, due to its mixed qualitative-quantitative nature, it allowed for a wide kind of statistical analyses.
For the reasons given above, we adopt the RGT method to explore designers' and users' perceptual differences towards UI designs in this study, and use the MDS technique [36] to analyze RGT data. MDS is a set of statistical techniques to describe the associations between stimuli and subjects. It can effectively express such associations by displaying a comprehensive view of data in a low-dimensional space, thus effectively exploring the similarity and interpretation of data. MDS is an effective technique to explore the perception of UIs by users and designers, because it can determine the potential psychological structure and be visible to observers [36] . In this study, MDS represents users and designers as points in the Euclidean space, and the distance between points reflects the similarity (or dissimilarity) between users' and designers' perceptions of UIs.
This research applies RGT and other rapid users study techniques to compare designers' and users' perceptual differences towards mobile shopping app UI designs, and explore relationships of designers' and users' subjective perceptions and UI design features.
III. THE METHODS OF COMPARION OF PERCEPTUAL DIFFERENCES
Firstly, this research applied the sorting task to the sample UIs followed by DISTATIS and cluster analysis to determine the type of UIs. Secondly, a survey of UI preferences was conducted, and the data collected were analyzed to determine users' and designers' preferences for the UIs. Third, the RGT method was used to elicit participants' idiosyncratic perceptions. Using MDS analysis, designers' and users' perceptual differences towards the UIs were indicated. By comparing RGT-elicited perceptions, the specified inter-group perceptual differences were detected, as well as the relationship between UI design features, and subjective evaluations of designers and users.
A. ANALYSIS OF SIMILARITY IN THE UI SAMPLES 1) STIMULI
In this study, the experimental stimuli were mobile shopping app UIs. A wide range of samples were collected from Apple's iTunes store considering its prevailing position in the mobile application market [39] . Initially, the top 120 commercial shopping app UIs were collected from Apple's iTunes store in China, the number of UIs were reduced in order to simplify the test for the participants.
The selection was screened by five expert UI designers who discussed the samples together. The samples with similar visual styles were rejected, and more different and diverse styles were included. Finally, 40 UIs were chosen as experiment elements (as shown in Fig. 1 ).
In the first stage, we compared visual similarities among 40 UIs to determine the dimensions (e.g. design features) that affect the participants' perceptions. Hence operating the shopping UIs were unnecessary. Because it was difficult to present 40 UIs on one screen, we used color screenshots to allow participants to view all 40 elements at the same time and compare them. Each shopping UI was printed as a color screenshot of the same size as the iPhone 6 plus (158.1mm * 77.8mm) and assigned a number from 1 to 40 in the back for identification. In order to make sure users judge only based on their first impression of the app UI, all the UI screenshot logos and names were removed.
2) PARTICIPANTS
The main purpose of this study is to compare users' and designers' perceptions of mobile shopping app UIs. 24 designers and 24 users were recruited for the study. Their ages varied from 21 to 34 years (according to Nielsen's [40] report, young people within the age of 21-34 as the largest group that will buy online). Among them, 22 were males and 26 were females. Participants in the designer group were consisted of professional designers and graduate students majoring in design. The professional designers came from Alibaba (a Chinese-American e-commerce company) and they all had more than 3 years relative working experience. The graduate students all had design learning experience for more than 3 years. 24 users studied non-design related majors. Each participant had at least one mobile shopping experience in the past half month. They were recruited online and monetary reward was offered.
3) ROCEDURES
The participants completed the test within 20 minutes. Each participant was assigned the same time limit to finish the experiment independently. During the test, firstly participants needed to fill out a short demographic questionnaire. Then they were required to put at least two UIs into a group based on UI similarity, and there was no right or wrong way of sorting.
4) RESULTS
To explore participants' perceptions of the proximities among the UIs, the sorting data were analyzed using the DISTATIS approach. The results showed an UI perceptual similarity space from which the critical dimensions that influence users' perceptions of shopping UIs could be delineated. Table 1 shows the factor scores, and the projections of UIs on the first three dimensions are shown in Fig. 2 and Fig. 3 . These three dimensions explained 78% of the inertia of the compromise matrix, which indicated that the interpretation of results could be restricted to these three dimensions. Combining the hierarchical clustering analysis results of the 40 shopping sample UIs, the shopping sample UIs plotted in this perceptual space were appropriately divided into 4 typical groups according to their coefficient values (Fig. 4) [41] . The perceptual space from the DISTATIS analysis revealed distribution trends in the visual features of UIs. Cluster analysis showed four current typical shopping UIs.
B. EXPLORE PARTICIPANTS' PREFERENCE OF THE UI 1) STIMULI
In the second stage, we explored the overall preferences of users and designers for the sample UIs. 40 sample UI selections were the same as the previous stage. The preference test required participants to make preference judgments to sample UIs based on their first visual impression, the logos and names were removed from all sample UIs. The screenshots of the 40 shopping UIs were presented on the iPhone 6 plus one by one in an equal ratio. VOLUME 7, 2019 Participants included 35 designers and 35 users whose ages varied from 21 to 34. The makeup of the participants was the same as the previous similarity experiment, while they were not the same people.
3) PROCEDURES
The participants completed this test within 15 minutes. Participants were required to make preference judgment on UIs based on their first visual impression. All the participants were asked to use a 9-point Likert scale to rate the 40 UIs according to their preferences. On this evaluation scale, a unit of 9-point means that the participants have a very strong positive impression, while 1-point means a very strong negative impression on the UI.
4) RESULTS
According to the results of the preference survey, the user participants preferred UI No. 22 the most (M = 5.94; SD = 1.84) while the designer participants liked interface No. 16 the most (M = 5.83; SD = 2.36). However, it was difficult to determine the key design feature behind users' and designers' preferences from the ranking average. In order to understand in detail the differences between users' and designers' preferences and design features of ideal shopping UIs, three dimensions of the perceptual space were needed. Therefore, according to the user and designer participants' preferences score for 40 interface samples, we obtained a ternary diagram (as shown in Fig. 5) , which showed the participants' preferences toward the 40 UIs. The ternary diagram was a triangular diagram which displayed the proportion of three variables that summed to a constant and which did so by using barycentric coordinates [42] . In Fig. 5 , the three variables represented the three preference dimensions (Like, So-So, Dislike), each of these points was the composition of the three variables. Based on the similarity space previously plotted by DISTATIS, four UI groups were presented in different colors in Fig. 5 . Fig. 5 showed the users' preference map which was relatively dispersed, while the designers' preference map was relatively concentrated. Based on the four UI types, it was obvious that users preferred the UIs in group 1, while designers preferred the UIs in group 2. It indicated that the users and designers have significant disagreements on their preferences towards the UIs in group 1 and group 2. The common characteristics of user preferred UIs included the use of warm colors, high density and rich functions. However, the common features of designer preferred UIs included the use of neutral colors, low density and simple functions.
C. ELICIT PEOPLE'S INSIGHTS INTO UI DESIGN 1) STIMULI
In the third stage, we verified the overall preferences of users and designers for shopping UIs and elicited the idiosyncratic perceptions of users and designers to explore the specific design attributes that affect the differences between groups. Using cluster analysis and combining the spatial visual distribution characteristics of the UIs, 8 representative samples were obtained from the four groups of UIs in the previous stage of the study. Two UIs, which could represent the common design feature elements of the group of UIs and are quite different from other groups of UIs, are selected as representative samples in each group of sample UIs. In the 8 representative UIs, UI x and y correspond to UI 1 and 9 of Group 1, UI z and { correspond to UI 16 and 39 of Group 2, UI | and } correspond to UI 31 and 13 of Group 3, UI~and correspond to UI 15 and 12 of Group 4 (as shown in Fig. 6 ). In the similarity perception space maps (Fig. 2, Fig. 3 ), the UIs of the yellow marked numbers were the 8 representative samples.
In the overall preference test, in order to facilitate the overall comparison and ranking of participants, each shopping UI was printed on a color card of the same size as iPhone 6 plus. In the RGT test, 8 shopping UIs were combined in randomly selected triads presented on the computer. The order of the three UIs presented was randomized.
2) PARTICIPANTS
Using the RGT method typically requires a relatively small sample size of about 6 to 25 subjects to elicit their idiosyncratic opinions on a group of products [38] . 15 designers and 15 users were recruited in this experiment. As an exploratory experiment, 8 UIs and 15 subjects per group were sufficient to explore the main characteristics of users' preferences.
3) PROCEDURES
The procedure of the experiment contained two stages: (1) Familiarizing with the 8 UIs and eliciting designers' and users' overall preferences towards these UIs by ranking; (2) Eliciting designers' and users' idiosyncratic perceptions towards these UIs. Designers and users were required to assess all the 8 UIs individually.
After participants familiarizing with the 8 app UIs, they ranked these UIs according to their overall preferences, which was a holistic approach to assess UIs. Then, the RGT method was applied to elicit users' and designers' analytic perceptions toward the 8 UIs. RGT is a semi-structured interviewing method that allows participants to evaluate products by using their own vocabulary and criteria rather than the conventional profiling techniques, which require participants to evaluate products by using a number of predefined attributes. Thus, the RGT method can capture the participants' idiosyncratic perceptions of these UIs. The RGT procedure includes attribute generating and rating on basis of self-generated attributes [43] . 
4) RESULTS a: DESIGNERS' AND USERS' OVERALL PREFERENCES
Designers' and users' overall preference rankings were analyzed by using the MDS approach in order to verify perceptual differences towards the 8 UIs. The proximity of ranking data was measured by using the Spearman's rho [44] . Ranking data showed high correlation if two participants had similar perceptions of the UIs. Otherwise, the orders they ranked the 8 UIs had less correlation if two participants had different perceptions.
The proximity of ranking data was analyzed by ALSCAL procedure in Statistical Product and Service Solutions (SPSS). The proximity was visualized as Euclidean distances in an MDS space. The closer two participants were in MDS space, the more similarly they ranked the 8 UIs. Fig. 7 showed the two-dimensional solution (stress value = 0.08 and RSQ value = 0.96). It fits well with the raw data. Fig. 7 showed that designers cluster in the lower part while users cluster in the upper part. The designer cluster and the user cluster had a minimal overlap.
By using Agglomeration hierarchical cluster, users' and designers' distribution in this MDS space could be clustered into 4 groups (Fig. 8) . Superimposing the group identifier in the MDS solution (Fig. 7) showed that there were two designer-majority clusters (7 designers; 6 designers) and two user-majority clusters (8 users + 1 designers; 7 user + 1 designers). The designer group and the user group showed different perceptions towards 8 UIs.
We aggregated data for the designer group and the user group in the following analyses. Fig. 9 illustrated the designers' and users' overall preference rankings. There were significant disagreements between users' and designers' preferences towards UI x, y, z and {. Designers preferred UI z-{, while users preferred UI x-y. Both two groups had relatively consistent preferences for UI |-} and they did not prefer UI~-. Users' and designers' overall preferences for 8 representative UIs verified the results of previous UI preference experiments. 
b: CATEGORIZING ATTRIBUTES TO EXPLORE DESIGNERS' AND USERS' PERCEPTIONS.
The preference ranking showed that users' and designers' overall perceptions were different. The specified dimensions and attributes underlying the overall inter-group differences were explored in this section.
A total of 185 pairs of attributes were generated during the RGT experiment, with an average of 6 attributes per participant. The numbers of elicited attributes of the user and designer groups were similar. Designers generated 94 attributes, and users generated 91 attributes.
185 pairs of participant-generated attributes were printed on cards. Two research assistants independently examined these attribute cards in a grounded-theory-like approach. Two attributes were merged into one category if they showed similar meaning. 16 categories were identified in this open coding process, as listed in Table 2 . The inter-rater agreement was satisfactory (Cohen's κ = 0.76). Occurrences of recorded attributes elicited in each group were specified in Fig. 10 , which indicated the different emphases that designers and users used to evaluate the UIs.
It can be found that designers were most concerned about the overall visual impression of the UI (3.1 Elegant), and they paid attention to whether the combination and presentation of UI elements allowed users to feel intuitive (2.1 Intuitive layout), clear UI structure (2.2 Clearly layer), abundance of the contents (3.2 Rich content), whether UI design made people feel relaxed (3.3 Relaxed), and whether UI could leave a deep impression on users (3.4 Impressive). Users were most concerned about whether the UI could make people desire to buy, such as rich activities and push that attracted users and promoted purchasing (1.2 Promote purchasing), 
c: ABSTRACTING ATTRIBUTES INTO BROADER THEME
The 185 attributes and 16 categories were re-assorted, which contained three broader themes of effectiveness, efficiency and emotional appreciation. Effectiveness refers to the accuracy and completeness with which the users achieve certain goals [20] . Efficiency refers to how fast the users can get job done [19] , [28] . Emotional appreciation represents users' comfort in using and overall attitude towards the product [20] . Two research assistants classified the 16 categories into these broader themes again. The inter-rater agreement was satisfactory (κ = 0.85).
The frequency distributions of these three themes was shown in Fig. 11 . Users paid more attention to the themes of efficiency and effectiveness, and were less concerned with emotional appreciation. On the contrary, designers were most concerned with the themes of emotional appreciation, and paid less attention to effectiveness. This also showed the value of using two-step classification analysis, and the results extended our understanding of the important attributes, which can be used to improve UI designs. 
d: RATING WITH ATTRIBUTES
RGT elicited idiosyncratic views from designers and users. Since the detailed attributes varied for different participants, the original RGT ratings using self-generated attributes were then transformed into matrices (8 UIs × 16 recoded attributes) to assist interpersonal comparison. Each row, i.e., specific values of 16 attributes, represents a ''UI profile'', an individual participant's views on this UI design. Three composite variables of ''effectiveness'', ''efficiency'', ''emotional appreciation'' were calculated using the arithmetic means of related attributes.
e: MODELING PREFERENCE WITH THREE THEMES
These composite variables were used as determinants to model the preference data. The following two equations showed the linear regression models for users and designers. Standardized coefficients were used. All the three predictors were significant at the 0.01 level. The R-squares were 0.865 and 0.871 respectively.
User Preference = 0.353 * effectiveness + 0.378 * efficiency + 0.275 * emotional appreciation (1) Designer Preference = 0.208 * effectiveness + 0.356 * efficiency + 0.445
Users' preferences of 8 UIs were more affected by their perceptions of efficiency and effectiveness, while designers' preferences were more affected by emotional appreciation.
f: PERCEPTUAL MAPS OF THE UI
According to these themes, we could explore the users and designers' understandings of particular UIs. Principal Component Analysis (PCA) was used to examine these data. An aggregated matrix was calculated for each group. 16 RGTelicited categories were constructed as principal components (i.e., axes) of an MDS perceptual space, the 8 UIs were visualized as points in this space. The three composite variables ''effectiveness'', ''efficiency'', ''emotional appreciation'' and preference data were supplementary variables. These supplementary variables were superimposed onto the perceptual space as vectors. The projection of the 8 UIs on a certain variable vector visualized the relationships of these UIs on that variable. Fig. 12 and Fig. 13 presented users' and designers' perceptions of the 8 UIs. Two-dimensional solutions explained 80.1% and 85.8% variability of original RGT rating data (in terms of inertia) respectively. The UIs in the first quadrant were more ideal for both maps, as that was the direction the preference vector pointed to. The three composite variable vectors and the relative positions of the 8 UIs showed the users' and designer' different perspectives.
Users preferred UI x and y most. Both UI x and y provided rich activity push forms, comprehensive function modules, subdivision layout (search bar + 1/5 banner + push bar + 2 rows of icon+ push module + bottom navigation) and rich and warm color tones. These features of the UIs were key design attributes that affected users' overall perceptions. This corresponded to the categorization of attributes (1.2 Promote purchasing, 2.3 Convenient, 2.1 Intuitive layout, 3.5 Colorful). For the users' perceptual map, UI z and { were in the negative direction of the first quadrant, separated from the other 6 UIs, the icon form and layout of UI z and { were significantly different from the other 6 UIs. However, UI z and { were preferred by designers. For designers' perceptual map, UI z and { were located in the first quadrant. Both UI z and { provided fewer function module icons, the overall layout (top navigation + 2 big banners + bottom navigation) and the neutral color tones. These features of the UIs were the key design attributes determining designers' overall perceptions. This corresponded to the categorization of attributes (2.1 Intuitive layout, 3.1 Elegant). 2.1 Intuitive layout was one of the most important attributes for both users and designers, while combined with the users' and designers' UI preferences, we found that they have substantially different understanding of the intuitive layout. Designers thought that the overall UI layout was clearer, while users thought the subdivision layout was clearer.
Because of the short distance in Fig 12, users considered that UI | and } were similar, while designers considered these two UIs had substantially difference in effectiveness, UI | was more effective than UI }. Compared with UI }, UI | had a more overall background color. The overall visual impression of UIs seemed to have a large impact on designers' perception.
UI~and were located in the negative position of designers' perceptual map. Both UI~and provided multi-modules and color mixed layouts that were the opposite of designers ' preferences.
IV. DISCUSSION
With the rapid development of mobile shopping apps, individuals can use shopping apps online at any time and in any location. Since users and designers have different perceptual models, designers should incorporate users' ''voice'' during the design process.
In practical design, more easy-to-use methods and technologies are required to elicit users' insight and reduce the differences between designers' and users' perceptions of the target design. This research employed a set of experimental methods to explore the perceptions differences between users and designers based on mobile shopping UIs. In our research, a relatively small sample size is usually sufficient to describe the differences between designers and users, and to help designers better understand potential users' specified perceptions of target products.
This study mainly focuses on the following three issues and gives corresponding conclusions through experiments.
1. What are the types of shopping app UIs? In this research, various mobile shopping UIs were selected as stimuli. Participants were asked to sort these UIs based on visual similarities. Then through DISTATIS and cluster analysis, 4 typical mobile shopping UIs were delineated.
2. Whether there are differences between users' and designers' preferences for shopping app UIs and how they differ in design features?
Through a preference survey, a three-dimensional space representing users' and designers' preferences of mobile shopping UIs was identified. The results showed users preferred the UIs in group 1, while the designers preferred the UIs in group 2. There were significant differences in UI design features between group 1 and group 2. The UI in group 1 had warm colors, high density and rich functions, while the UI in group 2 had neutral colors, low density and simple functions.
3. What design attributes determine users' and designers' perceptions and preferences for the shopping app UIs?
Using the RGT method with MDS analysis, users' and designers' differences in UI perceptions were evaluated. The results also indicated there were differences in design attributes of mobile shopping UIs that captured the attention of users and designers.
Users paid more attention to the design attributes that the mobile shopping UI could inspire them to purchase, such as rich activity elements or push information. At the same time, users preferred the UI with more function buttons, which made users feel very convenient. Moreover, users preferred colorful UIs. According to the attributes data (Fig. 10) , we found that the UI design attributes most valued by users did not attract the attention of designers. The most interesting discovery was that ''2.1 intuitive layout'' was an attribute that both users and designers agreed was more important. However, by combining the analysis of users' and designers' perceptual maps, it was found that users and designers had completely different understandings of intuitive layout. Users thought that detailed classified multi-functional layout was intuitive, while designers thought that simplified overall layout was intuitive. Therefore, in the process of practical UI design, designers should pay special attention to the design attributes with quite differences with users, reduce the perceptions differences with users, and thus improve the user satisfaction of mobile shopping UI design.
The research methods applied in this paper can not only explore the perceptions differences between users and designers based on the existing shopping UIs, but also can be applied to explore the perception differences between users and designers on conceptual products in the design process. For applications in actual projects, designer subjects should be composed of design teams for product development, so that they can more clearly understand the differences between target users and them. With the development trend of globalization of mobile shopping, there is an increasing demand for mobile shopping to launch cross-border versions. Therefore, under the circumstances that designers and users are in different cultural backgrounds, the methods proposed in this paper are more needed to explore the perceptions differences between designers and target users, to help designers better understand the actual needs of target users, and to guide design practice.
V. CONCLUSIONS
This research explored users' and designers' perceptual differences towards UIs. The comparisons towards the same set of UIs assist designers to better understand their potential users. With quantitative and qualitative analysis, it is found that there are significant differences between users and designers on UI preferences, and the attributes that affect such preferences. Users' perceptions are more influenced by specific functions (e.g. Multi-icon, activity) and color patterns of the UIs (e.g. Rich color). Designers paid more attention to the overall visual impression (e.g. elegant) and the holistic layout of the UIs. The results also highlighted some factors considered by users which had not been fully noticed by the designers. The perception gap between users and designers should be reduced. The findings of this paper can help designers better understand the target users, and reduce the perceptual differences between users and them. In addition, this study identified users' requirements and found relative design attributes that affected the mobile UI user experience.
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